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(54) Magnetic thin film interference device 

(57) The invention discloses magnetic OVP, said 
pigment consisting of thin-layer flakes having a basic 
metal-dielectric-metal structure to result in a viewing- 
angle dependent color appearance, and having, in ad- 
dition to said viewing-angle dependent color appear- 



ance, incorporated magnetic properties, to make them 
distinguishable from OVP of similar appearance but not 
having said magnetic properties. The invention disclos- 
es as well methods for obtaining such pigments and the 
use of such pigments as security elements in inks, coat- 
ings and articles. 
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Description 
Field of invention 

[0001 ] The present invention is in the field of optically 
variable pigments. In particular it describes a magnetic 
thin film interference device, a method of making such 
a magnetic thin film interference device, a magnetic thin 
film interference pigment, a printing ink or coating com- 
position, a security document and the use of such a 
magnettethin film interference device, all according to 
the definition of the patent claims. 

Baclcground of the invention 



[0002] Optically variable devices of various types are 
used as an efficient anti-copy means on bank notes and 
security documents. A large part of the world-wide print- 
ed cun-ency relies on such optically variable copy pro- 
tection devices, and among these, features printed with 
optically variable ink (OVP-^) have acquired a preemi- 
nent position since their first appearance on currency in 
1987. 

[0003] Optically variable pigment (OVP) shows a 
viewing-angle dependent color appearance which can- 
not be reproduced by color copying equipment. Various 
different types of OVP materials are commercially avail- 
able today. 

[0004] Very brilliant colors are obtained with a first 
type of OVP, made by physical vapor deposition. This 
type of OVP is constructed as a thin-film vapor-depos- 
ited Fabry-Perot resonator stack. Simple-sandwich met- 
al-dlelectric-metal, as well as double-sandwich metal- 
dielectric-metal-dielectric-metal layer sequences are 
described in the prior art. The top metal layer(s) must 
be partially reflecting / partially transparent, such that 
light can be coupled in and out of the Fabry-Perot res- 
onator stack. 

[0005] Said optically variable thin-film material is ob- 
tained as a continuous sheet on a carrier foil. It can sub- 
sequently be detached from its carrier and comminuted 
into a pigment, which consists of flakes having a diam- 
eter of 20 to 30 ^im and a thickness of about 1 ^im. This 
pigment can be fomnulated into inks or coating compo- 
sitions, preferably for screen-printing or intaglio-printing 
applications. 

[0006] The optical variability of said pigments relies 
on an interference effect. Incident light falling upon an 
OVP flake of said metal-dielectric-metal type is partially 
reflected at the top metal layer and partially transmitted, 
travelling through the dielectric layer and reflected back 
at the bottom metal layer Both reflected parts of the in- 
cident light finally recombine and interfere with each oth- 
er. Constructive or destructive interference results, de- 
pending on the thickness of the dielectric layer and on 
the wavelength of the incident light. In the case of white 
incident light, some of the white light components, hav- 
ing detemiined wavelengths, are reflected, whereas 



other components, having other wavelengths, are not 
reflected. This gives rise to a spectral selection, and 
hence to the appearance of color. 
[0007] The path difference between the top-reflected 
5 and the bottom-reflected part of the light depends note- 
worthy on the angle of incidence, and so does the re- 
sulting interference color 

[0008] Another, second type of OVP, is based on coat- 
ed aluminum flakes, Mechanteally flattened aluminum 
10 particles are coated by chemical vapor deposition 
(CVD) orby wet chemical methods with a dielectric layer 
and a subsequent metal or second dielectric layer In- 
terference colors result by the same effect as described 
above. This type of OVP is cheaper in manufacture than 
15 the first type, but it also exhibits less brilliant colors and 
less angle-dependent color shift than the first type. 
[0009] Large amounts of "optically variable" and "iri- 
descent" pigment are produced for merely decorative 
purposes (automotive paints, lacquers, toys and the 
20 like), and are thus available to the common public in the 
form' of coating compositions. The security potential of 
optically variable ink features on bank notes is consid- 
erably decreased if no clear distinction can be estab- 
lished between "Security OVP" and "Decorative OVP". 
25 A counterfeiter could noteworthy reproduce bank notes 
on a color copier and add the missing optically variable 
features with the help of a commercially available dec- 
orative paint or spray. 

[0010] For these and other reasons, security OVP 
30 must be made materially distinguishable from the mere- 
ly decorative, commercially available types of OVP. An 
effective way of doing this is to dope the security OVP 
with a covert magnetic feature. The "magnetic OVP" al- 
lows noteworthy the implementation of different levels 
35 of security into correspondingly marked documents: i) a 
simple "magnetic present/not present" feature; ii) iden- 
tification of the magnetic characteristics of the feature; 
iii) a printed pattern of magnetic and non-magnetic fea- 
tures; and iv) a magnetic data carrier, allowing magnetic 
40 storage of information in the printed magnetic OVP fea- 
ture. 

[0011] Such magnetic OVP has been proposed in US 
4,838,648. A particular magnetic material is, to this pur- 
pose, incorporated into the OVP design. The OVP of US 
45 4,838,648 is of the metal(reflector)-dielectric-metal(ab- 
sorte'r) multilayer Fabry-P6rot type, and has preferably 
a magnetic cobalt-nickel 80:20 alloy as the reflector lay- 
er Alternatively, but less preferably, the magnetic alloy 
may also be present as the absorber layer The device 
50 according to US 4.838.648 has noteworthy the short- 
comings of i) showing a degraded optical perfomnance. 
in particular a lower chromaticity, due to the lower re- 
flectivity of cobalt-nickel alloy, as compared to alumi- 
num, and ii) the lack of freedom for choosing the mag- 
55 netic material. This latter must noteworthy comply at the 
same time with the functions of a magnet and of a good 
optical reflector, and there are only very few materials 
satisfying both conditions. 
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[001 2] It is a first goal of the present invention to pro- 
vide security OVP which is nnade materially different 
from decorative OVP through the incorporation of par- 
ticular magnetic properties. 

[001 3] It is another goal of the present Invention to In- 
corporate said magnetic properties into said OVP with- 
out degrading the OVP's chromaticlty and color shifting 
properties. 

[0014] It is a further goal of the present invention to 
provide said magnetic OVP with as large as possible 
freedom for selecting the magnetic material. 
[0015] It is still another goal of the present invention 
to provide security OVP which can be manufactured us- 
ing the same equipment and process that are used for 
the production of "common", non-magnetic OVP, with- 
out significantly increasing the production cost. 

Summary of the invention 

. [001 6] The present invention refers to a magnetic thin 
film Interference device, made of OVP showing a view- 
Ing-angle dependent color-appearance. The OVP is 
made of a multi-layer stack Including at least one light- 
reflecting reflector layer, at least one light-transmitting 
dielectric layer, at least one light-absorbing absorber 
layer and at least one magnetic layer. The magnetic lay- 
er is separated from a dielectric layer by a reflector layer 
[001 7] According to a first preferred embodiment of a 
magnetic OVP, the magnetic layer is disposed within two 
reflector layers. The magnetic layer is symmetrically 
confined within two reflector layers, resulting In equal 
optical properties of the magnetic OVP along two reflec- 
tor layer sides. 

[0018] According to a second preferred embodiment 
of a magnetic OVP, the magnetic layer is adjacent to 
only one reflector layer, resulting in an asymmetrically 
magnetic OVP with optical properties along solely one 
reflector layer side. 

[001 9] The magnetic OVP according to the present in- 
vention has the particular advantage that it is possible, 
by using the disclosed layer sequence, to exactly match 
the color and the angular color shift of a corresponding 
non-magnetic OVP, and at the same time to provide an 
OVP with a wide variety of magnetic properties. 
[0020] The magnetic thin film interference device may 
be comminuted to obtain a magnetic thin film interfer- 
ence pigment. Said magnetic thin film interference pig- 
ment may be incorporated in a printing Ink or coating 
and/or on a security document. 
[0021 ] The invention is further illustrated by drawings 
and examples: 

Figure 1 shows a conventional OVP flake having a 
5-layer design. 

Figure 2 shows the cross section of a first preferred 
embodiment of a magnetic OVP according 
to the invention, having magnetic proper- 



ties. A 7-layer design is employed. 

Figure 3 shows the cross section of a second pre- 
ferred embodiment of a magnetic OVP ac- 
5 cording to the invention, having magnetic 

properties. A 4-layer design is employed. 

[0022] Figure 1 shows a cross section of an OVP of 
the first type described above having a 5-layer design. 

10 Such pigment consists of flakes, which are of the order 
of 20 to 30 p.m large, and about 1 \im thick. Said flake 
has a symmetric "absorber / dielectric /reflector / dielec- 
tric / absorber" layer structure, in order to provide for 
equal optical properties on both sides. The absorber lay-' 

IS ers 1, 1' are preferably thin (e.g. in the order of 3 to 5 
nm) chromium or similar corrosion-resistant metal lay- 
ers, which act as beam-splitters, reflecting and transmit- 
ting parts of the incident light. The dielectric layers 2, 2* 
are preferably of a low dielectric constant material, such 

20 as magnesium fluoride (MgF2; n = 1 .38) or silicon diox- 
ide, to enable a high angle-dependent color shift. The 
thickness of the dielectric layers 2, 2' detennlnes the 
OVP's color and is of the order of 200 to 800 nm (e.g. 
gold-to-green: 440 nm MgFg, green-to-blue: 385 nm 

25 MgF2). A central, total light-reflecting reflector layer 3 is 
preferably of aluminum, or of any other highly reflecting 
metal or metal alloy, and has a thickness in the order of 
10 to 100 nm. 

[0023] Figure 2 shows the schematic layer sequence 
30 of a first preferred embodiment of a magnetic OVP ac- 
cording to the present Invention. Said magnetic OVP 
comprises, two absorber layers 1,1', two dielectric lay- 
ers 2, 2', and two reflector layers 3, 3'. At least one mag- 
netic layer 4 of magnetic material is disposed within said 
35 reflector layers 3, 3', resulting In a symmetric "absorber 
/ dielectric / reflector / magnetic / reflector / dielectric /ab- 
sorber" of a 7-layer design. 

[0024] Figure 3, shows the schematic layer sequence 
of a second preferred embodiment of a magnetic OVP 

40 according to the present Invention. Said magnetic OVP 
comprises one absorber layer 1 , one dielectric layer 2 
and at least one magnetic layer 4 being adjacent to one 
reflector layer 4. In this embodiment, a 4-layer design Is 
required. Preferably, on a release-coated R carrier foil 

45 c, an absorber layer 1 of chromium Is deposited, fol- 
lowed by a dielectric layer 2 of magnesium fluoride and 
a reflector layer 3 of aluminum. A magnetic layer 4 of 
magnetic material is deposited at last. The device is sub- 
sequently applied to a substrate with the magnetic layer 

50 facing the substrate, by e.g. using an appropriate glue. 
[0025] The magnetic layer 4 can be of any type of 
magnetic material, e.g. iron, cobalt, nickel; magnetic al- 
loys such as Ni-Co or Nd-Fe-B; inorganic oxide com- 
pounds such as Fe203, Fe304, chromium dioxide Cr02, 

55 ferrites MFe204 (with M an ion or a cocktail of ions se- 
lected from the group consisting of Mg2+, Ca2+, Sr^-*-, 
Ba2+, Mn2+, Co2+, Fe^-^, Ni2+, Cu2+, Zn2+, etc.), garnets 
AaBgO^g (^'^^ ^ = ^ trivalent rare earth-ion or a cocktail 
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of trivalent rare-earth ions and B an ion or a cocktail of 
Ions selected from the group consisting of Al^, Ci^+, 
Fe3+, Ga3+, Bi3+, etc.), hexaferrltes MFetaOig with M 
selected from the group of divalent ions Ca2+, Sr2+, 
Ba2+, etc., perovskites, etc. 

[0026] In the context of the present invention, any kind 
of not-diamagnetic material may noteworthy be used to 
confer a particular magnetic property to the magnetic 
OVP. Said magnetic property may for instance be: 
strong (super-) paramagnetism; ferromagnetism; fer- 
rimagnetism; antlferromagnetism; antiferrimagnetism; 
etc. The material may be of the soft-magnetic, low-co- 
ercivity, medlum-coercivity or hard-magnetic type, or it 
may be laid out for detection by the Barkhausen effect. 
The magnetic property may furthermore result in rema- 
nent magnetism comprised in between zero Oersted up 
to as high as 10*000 Oersted. 

[0027] The deposition of the magnetic material is per- 
formed by the same method as used for the deposition 
of the dielectric layer or of the metal layers of a nonmag- 
netic OVP of the first type mentioned above. MgFg, chro- 
mium or aluminum can noteworthy be deposited by 
electron-beam assisted thermal evaporation. Magnetic 
alloys, such as cobalt-nickel or iron-cobalt-boron, are 
comparable in melting point and evaporation character- 
istics with chromium, and can therefore be deposited in 
a similar way, given the deposition is perfonned at 
source temperatures above the material's Curie or Neel 
temperature. Forthe deposition of oxide materials, high- 
er deposition temperatures are generally required, but 
even these materials can be deposited by e-beam tech- 
niques. For the deposition of more complex chemical 
compositions, Ion-beam assisted evaporation methods 
may be employed. 

[0028] The magnetic layer 4 is covered by a reflector 
layer 3, 3' made of a good light reflecting material, such 
as aluminum, aluminum alloy, chromium, silver, gold, 
etc. This allows the magnetic OVP to be optimized si- 
multaneously for good optical performance as well as 
for customer-designed magnetic properties. In this way, 
different varieties of security-OVP can be produced, all 
having exactly the same color appearance and color 
shifting properties, but different magnetic properties. 
Using a corresponding magnetic detecting device, 
known to the skilled In the art, they can easily be distin- 
guished from each other, as well as from non-magnetic 
OVP of the same optical appearance. 
[0029] It is furthermore possible to use the primarily 
obtained optrcally variable and magnetic thin-film prod- 
uct directly as an optically variable security foil, which 
may be applied to a document or to an article, preferably 
by hot-stamping or cold-stamping or related application 
methods. 

[0030] A further property which can advantageously 
be exploited for security purposes is the particular form 
of the magnetization or hysteresis curve of thin-film 
magnetic materials. Due to their restricted third dimen- 
sion, such materials often show a very high squareness 



of their hysteresis curve, together with a variable coer- 
civity value which depends noteworthy on the layer 
thickness and on the parameters used in the deposition 
of the magnetic layer. Such materials may also be laid 
5 out to show a pronounced Barkhausen effect, which en- 
ables their detection by techniques known from elec- 
tronic article surveillance (EAS) applications. Altema- 
tively, nonlinear magnetization effects maybe exploited 
for detection, through the choice of the appropriate mag- 
10 netic materials, such as amorphous magnetic alloys or 
magnetic garnets of low magnetic saturation. A wide 
field is thus open for the engineering of OVP showing 
magnetic effects and properties, which are very difficult 
to counterfeit on the mere basis of mixing conventional 
15 OVP with conventional magnetic materials. 

[0031] Said 7-layer magnetic OVP respectively 4-lay- 
er magnetic OVP can noteworthy be manufactured us- 
ing the same type of vacuum-deposition equipment as 
is required for the manufacturing of the conventional 
5-layer non-magnetic OVP. 

[0032] More than one layer of magnetic material may 
be present in the magnetic OVP. In case of multiple lay- 
ers of magnetic material, said layers may be either of 
the same or of different magnetic materials; said layers 
of magnetic material may furthermore be either adjacent 
to each other or separated from each other by layers of 
non-magnetic materials. Said magnetic layer 4 may be 
multi-layer stacks, preferably layered superiattices. Lay- 
ered superiattices have been shown to display unusual 
electromagnetic effects, such as Giant Magnetoresist- 
ance, non-linear highfrequency response, unusual nu- 
clear magnetic resonance signatures, etc., 
[0033] The magnetic OVP according to the invention 
may furthennore canry additional overt or covert proper- 
ties, such as Indicia, micro-texture, luminescence, ra- 
dio-frequency or mk:rowave resonance absorption, etc.. 

Examples 

[0034] In the first preferred embodiment of a magnetic 
OVP, depicted in Figure 2, the magnetic layer 4 is com- 
prised within two totally reflector layers 3, 3' of the OVP 
stack. In order to provide for optimal conditions of both, 
the optical and the magnetic function, the "standard" 
OVP layer sequence chromium / magnesium fluoride / 
aluminum is used to implement the optical function. The 
aluminum layer is "split in two", in orderto accommodate 
the magnetic functionality in its interior in the fomn of an 
additional layer of any desired magnetic element, alloy 
or compound. 

[0035] On a release-coated R carrier foil C, a first ab- 
sorber layer 1 of chromium is deposited, followed by a 
first dielectric layer 2 of magnesium fluoride and a first 
reflector layer 3 of aluminum. Then, the magnetic layer 
4 of magnetic material is deposited, followed by a sec- 
ond reflector layer 3' of aluminum. A second dielectric 
layer 2* of magnesium fluoride and a second absortser 
layer 1' of chromium are then deposited, to finish the 
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magnetic OVP multi-layer stack. 
[0036] The skilled In the art will notice that any type 
of magnetic material, amorphous or crystalline, such as 
a magnetic metal like iron, cobalt, nickel, etc.; or a mag- 
netic alloy, such as cobalt-nickel, cobalt-chromium, ter- 
bium-iron, neodymium-iron-boron etc.; or a magnetic re- 
fractory compound, such as a simple or a complex oxide 
from the classes of ferrites, hexaferrites, gamets, per- 
ovskttes etc. can be used as the middle magnetic layer 
between two aluminum reflector layers. 

1 . Soft magnetic green-to-blue OVP 

[0037] In a first prefen^ed embodiment of a magnetic 
OVP, soft magnetic iron was used as the magnetic func- 
tion carrier. A 7-layer sequence was deposited by elec- 
tron beam assisted themnal evaporation onto a release- 
coated R carrier foil C as follows: 

1 . Chromium metal, 3.5 nm thick (first absorber lay- 
er 1) 

2. MgFg, 385 nm thick (first dielectric layer 2) 

3. Aluminum metal, 40 nm thick (first reflector layer 
3) 

4. Iron metal, 200 nm thick (magnetic layer 4) 

5. Aluminum metal. 40 nm thk^k (second reflector 
layer 3') 

6. MgF2, 385 nm thick (second dielectric layer 2') 

7. Chromium metal, 3.5 nm thick (second absorber 
layer 1 ') Total optical path at orthogonal incidence: 
530 nm. 

[0038] After the deposition being completed, the thin 
film product was removed from the carrier foil C, com- 
minuted to a pigment, and used in Inks and coating com- 
positions. 

[0039] In a variant of the first preferred embodiment 
of a magnetic OVP, magnetic layer 4 was made of nickel 
metal, to yield a low-coercivlty optically variable pig- 
ment. 

[0040] In a further variant of the first preferred embod- 
iment of a magnetic OVP, magnetic layer 4 was made 
of cobalt metal, to yield a medium-coercivity optically 
variable pigment, which is furthemnore susceptible to 
detection by cobatt-59 nuclear magnetic resonance in 
its own magnetic field, in the 214 MHz region. 
[0041] In still a further variant of the first prefen^ed em- 
bodiment of a magnetic OVP, magnetic layer 4 was 
made of gadolinium metal, to yield optically variable pig- 
ment which is ferromagnetic below 1 S^C, the Curie tem- 
perature of gadolinium metal. 

2. Low-coercivlty gold-to-green OVA 

[0042] In another variant of the first preferred embod- 
iment of a magnetic OVP, a low-coercivity, amorphous, 
Barichausen-active EAS material of the composition 
FegQCogsSi^gB^g was used as the magnetic function 



carrier. A 7-layer sequence was deposited by electron- 
beam assisted themial evaporation onto a release-coat- 
ed R carrier foil C as follows: 

5 1 . Chromium metal, 3.5 nm thick (first absoriser lay- 
er 1) 

2. MgF2, 440 nm thick (first dielectric layer 2) 

3. Aluminum metal, 40 nm thick first reflector layer 
3) 

10 4. FegoCogsSiioBis, 500 nm thick ( magnetic layer 
4) 

5. Aluminum metal, 40 nm thick (second reflector 
layer 3') 

6. MgF2, 440 nm thk:k (second dielectric layer 2') 
15 . 7. Chromium metal, 3.5 nm thick (second absoiber 

layer 1 ') 

Total optical path at orthogonal incidence: 605 nm. 

[0043] The complex amorphous Fe5oCo25SiioBi5 al- 
20 loy can also advantageously be deposited by argon ion- 
beam assisted themial evaporation. 
[0044] After the deposition being completed, the thin 
film product was removed from the carrier, comminuted 
to a pigment, and used in inks and coating compositions. 
25 [0045] This material shows a sharp Barkhausen dis- 
continuity on magnetization change in the magnetic field 
range below 1 Oersted. 
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3. Medium coerclvlty green-to-blue OVP 



[0046] In another variant of the first prefen-ed embod- 
iment of a magnetic OVP, a medium-coercivity cobalt 
ferrite of the composition CoFe204 was used as the 
magnetic function carrier. A 7-layer sequence was de- 
^ posited by electron-beam assisted thermal evaporation 
onto a release-coated (R) earner foil (C) as follows: 



1 . Chromium metal, 3.5 nm thick (first absortaer lay- 
er 1) 

2. MgFg, 385 nm thick (first dielectric layer 2) 

3. Aluminum metal, 40 nm thick (first reflector layer 
3) 

4. CoFe204, 100 nm thick (magnetic layer 4) 

5. Aluminum metal, 40 nm thick (second reflection 
layer 3') 

6. MgF2, 385 nm thtek (second dielectric layer 2') 

7. Chromium metal, 3.5 nm thick (second absoriaer 
layer V) 

Total optical path at orthogonal incidence: 530 nm. 



[0047] The CoFe204 ferrite material can also advan- 
tageously be deposited by argon ion-beam assisted 
thermal evaporation. 

[0048] After the deposition being completed, the thin 
55 film product was removed from the carrier, comminuted 
to a pigment, and used in inks and coating compositions. 
[0049] An optically variable patch containing magnet- 
ic OVP manufactured according to this embodiment was 
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successfully used as a track for the magnetic storage of 
security information, such as the hidden cross-checking 
information in transportation tickets, bank cards, credit 
or access cards. 

4. High coercivity green-to-blue OVP 

[0050] In another variant of the first preferred embod- 
iment of a magnetic OVP, a high-coercivity, barium fer- 
rite material of the composition BaFeigO^g was used as 
the magnetic function carrier. A 7-layer sequence was 
deposited by electron-beam assisted themrial evapora- 
tion onto a release-coated R carrier foil C as follows: 

1 . Chromium metal, 3.5 nm thick (first absorber lay- 
er 1) 

2. MgFg, 385 nm thick (first dielectric layer 2) 

3. Aluminum metal, 40 nm thick (first reflector layer 
3) 

4. BaFeiaOig, 300 nm thick (magnetic layer 4) 

5. Aluminum metal, 40 nm thick (second reflector 
layer 3') 

6. MgFg, 385 nm thick (second dielectric layer 2') 

7. Chromium metal, 3.5 nm thick (second absoriaer 
layer 1') 

Total optical path at orthogonal incidence: 530 nm. 



magnetic material. The magnetic layers 4 may further- 
more be either of the same, or of different magnetic ma- 
terials. The optically variable foil according to the inven- 
tion may furthermore carry additional overt or covert 

5 properties, such as indicia, micro-texture, lumines- 
cence, radio-frequency or microwave resonance, etc.. 
[0057] The magnetic layer side of the foil will be ap- 
plied onto a substrate, using an appropriate transfer 
technique, such as hot- or cold-stamping, in conjunction 

10 with an appropriate glue. 

5. Medlum-coereivfty gold-to-green OVP foil 

[0058] in a second prefen-ed embodiment of a mag- 
15 netic OVP, a medium-coerclvity iron oxide is used as the 
magnetic function carrier in an OVP foil. A 4-layer se- 
quence was deposited by electron-beam assisted ther- 
mal evaporation onto a release-coated R can-ier foil C 
as follows: 

20 

1 . Chromium metal, 3.5 nm thick (absorber layer 1) 

2. MgFa, 440 nm thick (dielectric layer 2) 

3. Aluminum metal, 40 nm thick (reflector layer 3) 

4. FegOa, 500 nm thick (magnetic layer 4) 

25 Total optical path at orthogonal incidence: 605 nm. 



[0051] The BaFe^gOig ferrite material can also ad- 
vantageously be deposited by argon ion-beam assisted 
thermal evaporation. 

[0052] After the deposition being completed, the thin 
film product was removed from the carrier, comminuted 
to a pigment, and used in inks and coating compositions. 
[0053] An optically variable patch containing magnet- 
ic OVP manufactured according to this variant of the 
preferred embodiment was successfully used as a track 
for irreversibly written magnetic security infonnation, e. 
g. hidden authenticating information in a credit or access 
card. A special, not commorily available hardware was 
required to magnetize the 3000 Oersted coercivity bar- 
ium ferrite material, in order to write said security infor- 
mation. 

[0054] The OVP according to the foregoing embodi- 
ments can be incorporated into inks or coating compo- 
sitions and applied to articles by any printing or coating 
method, such as intaglio, silk screen or transfer printing; 
alternatively they can be molded or laminated into plas- 
tic material. 

[0055] The present Invention also discloses optically 
variable foils having magnetic properties, which con- 
structed according to the same principles as said opti- 
cally variable pigments. Such foils noteworthy comprise 
an at least 4-layer stack, comprising an optical part and 
at least one additional magnetic layer on top of it. 
[0056] More than one magnetic layer 4 of magnetic 
material may be present in the optically variable foil. In 
case of multiple magnetic layers 4, said layers may be 
adjacent to each other or separated by layers of non- 



[0059] The FegOg material can also advantageously 
be deposited by argon ion-beam assisted thermal evap- 
oration. 

30 [0060] After the deposition being completed, the foil 
was coated with a hot-melt glue composition and ap- 
plied to security documents using a hot-stamping die of 
elongated fomn, to fonn an optically variable magnetic 
track. Authentication information was then magnetically 

35 written into said security track. 

6. Actlvatable-deactivatable EAS green-to-blue OVP 
foil 

40 [0061] In a variant of the second preferred embodi- 
ment of a magnetic OVP, a multilayer magnetic material 
was used as the magnetic function carrier. The device 
consists of a Barkhausen -active EAS layer of 
FegoCoisSiioBis, followed by a low-coerclvity nickel 

45 layer. The following sequence was deposited by elec- 
tron beam assisted themnal evaporation onto a release- 
coated R carrier foil C, as follows: 

1 . Chromium metal, 3.5 nm thick (absorber layer 1) 
50 2. IVIgFg, 385 nm thtek (dielectric layer 2) 

3. Aluminum metal, 40 nm thick (reflector layer 3) 

4. FegoCoigSiioBis, 200 nm thick (first magnetic 
layer 4) 

5. Nickel metal, 200 nm thtek (second magnetic lay- 
55 er 4) 

Total optical path at orthogonal incidence: 530 nm. 

[0062] TheFegoCoisSiioBisnnaterialcanalsoadvan- 
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tageously be deposited by argon ion-beam assisted 
thermal evaporation. 

[0063] After the deposition being completed, the foil 
was applied to security documents using a pre-printed, 
UV-activated glue patch and a cold-stamping die in the 
form of optically variable magnetic security seals. 
[0064] If the nickel layer is in a magnetized state, the 
FegQCo^5SifoB^5 layer will not respond to the 
Barkhausen interrogating field, which is an altemating 
magnetic field having a maximum field strength below 
5 Oersted. At the end of a demagnetization cycle, how- 
ever, the Barkhausen-active material can be detected 
through its characteristic response. It is then protected 
again by a remagnetization of the nickel layer. 



Claims 

1. Magnetic thin film interference device, showing a 
viewing-angle dependent color-appearance, com- 
prising a multi-layer stack including at least one 
light-reflecting reflector layer (3, 3'), at least one 
light-transmitting dielectric layer (2, 2'), at least one 
light-absorbing absorber layer (1, 1'), and at least 
one magnetic layer (4), wherein said magnetic layer 
(4) being separated from a dielectric layer (2) by a 
reflector layer (3). 

2. Magnetic thin film interference device according to 
claim 1 , wherein said magnetic layer (4) being dis- 
posed within two reflector layers (3, 3'). 

3. Magnetic thin film interference device according to 
claim 1 or 2, wherein said magnetic layer (4) being 
of a magnetic metal or a magnetic metal alloy com- 
prising a chemical element of the group consisting 
of iron, cobalt, nickel, gadolinium. 

4. Magnetic thin film interference device according to 
one of the claims 1 to 3, wherein said magnetic layer 
(4) being an inorganic oxide compound and/or a fer- 
rlte of the formula MFe204 with M being an element 
or a cocktail of elements selected from the group 
consisting of doubly charged ions of {Mg, Mn, Co, 
Fe, Ni, Cu, Zn) and/or a garnet of the formula 
A3^sOi2> ^ being an element or a cocktail of 
elements selected from the group of triply charged 
ions of {Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, 
Er, Tm, Yb, Lu, or Bi}, and B being an element or a 
cocktail of elements selected from the group of triply 
charged ions of {Fe, Al, Ga, Ti, V, Cr, Mn, or Co}. 

5. Magnetic thin film interference device according to 
one of the claims 1 to 4, wherein said reflector layer 
(3, 3') being selected from the group consisting of 
aluminum, aluminum alloys, chromium, nickel, sil- 
ver, gold. 



6. Magnetic thin film interference device according to 
one of the claims 1 to 5, wherein said magnetic layer 
(4) being a magnetic multi-layer stack, preferably a 
layered superlattice. 

5 

7. Magnetic thin film interference device according to 
claim 6, wherein said multi-layer stack containing at 
least two different magnetic materials or at least one 
magnetic magnetic and at least one non-magnetto 

10 material. 

8. Method for producing a magnetic thin-film interfer- 
ence device, made of optically variable pigments 
showing a viewing-angle dependent color-appear- 

is ance, comprising a multi-layer stack including at 
least one light-reflecting reflector layer (3, 3'), at 
least one light-transmitting dielectric layer (2, 2'), at 
least one light-absorbing absorber layer (1,1'), and 
at least one magnetic layer (4), comprising the 

20 steps of: 

a) depositing a dielectric layer (2, 2') on one 
side of an absorber layer (1,1'), 

b) depositing a reflector layer (3, 3') on said di- 
25 . electric layer (2, 2'), and 

c) depositing a magnetic layer (4) on said re- 
flector layer (3, 3'). 

9. Method for producing a magnetic thin-film interfer- 
30 ence device according to claim 8, comprising the 

steps of: 

d) depositing a second reflector layer (3') on 
said magnetic layer (4), 

35 e) depositing a second dielectrte layer (2') on 

said second reflector layer (3'), and 
f) depositing a second absorber iayer (1') on 
said second dielectric layer (2*). 

40 10. Magnetic thin film interference pigment,-obtained by 
comminuting the magnetic thin film interference de- 
vtee of one of claims 1 to 7. 

1 1 . Printing Ink or coating composition containing mag- 
45 netic thin film interference pigment according to 

claim 10. 

12. Security document comprising a magnetic thin film 
interference device of one of claims 1 to 7, wherein 

50 the magnetic thin film interference device being ap- 
plied onto a substrate by a printing or coating tech- 
nique or by a transfer technique, preferably hot- 
stamping or a cold-stamping. 

55 13. Use of a magnetic thin film interference device in a 
printing ink or coating composition, preferably for a 
security document or as an optically variable secu- 
rity foil. 
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14. Thin film interference device comprising a first layer 
which comprises a ferromagnetic material and a 
second layer comprising material selected from the 
group of material having reflecting properties for 
light. 5 

15. Thin film structure according to claim 14 wherein the 
f en^omagnetic properties of the first layer are great- 
er than the ferromagnetic properties of the second 
layer, and wherein the reflecting properties of the io 
second layer are greater than the reflecting proper- 
ties of the first layer. 

16. Use of the thin film interference device according to 
claim 1 4 or 1 5 for authenticating an item by its op- ^5 
tical interference properties and by its magnetic 
properties. 

17. Use according to claim 16 wherein the interference 
structure comprises interference pigments. 
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